Age differences in three basic types of variability were examined: variability between persons (diversity), variability within persons across tasks (dispersion), and variability within persons across time (inconsistency). Measures of variability were based on latency performance from four measures of reaction time (RT) performed by a total of 99 younger adults (ages 17-36 years) and 763 older adults (ages 54-94 years). Results indicated that all three types of variability were greater in older compared with younger participants even when group differences in speed were statistically controlled. Quantile-quantile plots showed age and task differences in the shape of the inconsistency distributions. Measures of within-person variability (dispersion and inconsistency) were positively correlated. Individual differences in RT inconsistency correlated negatively with level of performance on measures of perceptual speed, working memory, episodic memory, and crystallized abilities. Partial set correlation analyses indicated that inconsistency predicted cognitive performance independent of level of performance. The results indicate that variability of performance is an important indicator of cognitive functioning and aging.
ESEARCHERS examining cognitive functioning in adulthood have primarily been interested in age-related differences or changes in level of performance. Methodologically, this emphasis has translated into comparisons of average performance across different age groups (i.e., crosssectional designs) or examination of changes in average performance within persons across time (i.e., longitudinal designs). Research on average age-related differences and changes in cognition has been useful, but it has reflected certain assumptions about the nature of human development. Specifically, this emphasis is rooted in the assumption that either the behaviors of interest are stable over time or that the trajectory of change that does occur is similar for all persons. This assumption with respect to level of performance represents one instantiation of a more general stability perspective that has dominated developmental research (Gergen, 1977; Nesselroade & Featherman, 1997) . As noted by Nesselroade and Boker (1994) , however, the concepts of stability and variability are logically dependent on one another-defining one demands consideration of the other.
Before we consider substantive questions related to variability of cognitive performance and aging, it is important to define selected terms. There are multiple classifications of types of stability and variability (e.g., Alwin, 1994) , and sometimes the same label has been applied to different types (e.g., Shammi, Bosman, & Stuss, 1998) . We define three different types of variability by considering the minimum conditions necessary to observe it in relation to persons, measures, and occasions (Cattell, 1966; Nesselroade & Ford, 1985) . First, one can consider differences between persons measured on a single task on a single occasion. Such variability between persons is typically referred to as interindividual differences, or diversity. Second, one can examine variability associated with measuring a single person once on multiple tasks (see Appendix, Note 1). In this case, the variability is in the profile of relative performance across measures, sometimes referred to as intraindividual differences, or dispersion. The third type of variability is defined by the minimum condition of measuring a single person on a single task at multiple occasions. Variability in performance across occasions has been labeled intraindividual variability (Li, Aggen, Nesselroade, & Baltes, 2001 ), or inconsistency (Shammi et al., 1998) . The latter two types of variability refer to variability within persons.
There is evidence that aging is associated with increases in all three types of variability on cognitive tasks, although there are caveats to this assertion. By far, the largest amount of data available is relevant to diversity. Reviews of the literature have pointed to increasing interindividual differences in cognitive performance with increasing age. For example, Nelson and Dannefer (1992) reported that 79% of the studies on cognition and aging they reviewed showed increases in variability with age. In a more formal metaanalysis, Morse (1993) examined age differences in the coefficient of variability for measures of reaction time (RT), memory, and intelligence. Measures of RT, memory, and fluid abilities showed increasing diversity with age, whereas measures of crystallized intelligence did not. Similar findings have been reported by Christensen and associates (1994) for a large probability sample of older adults. In addition, recent longitudinal studies have found diverging patterns of cognitive change in adulthood (Christensen, Mackinnon, Korten, Jorm, Henderson, Jacomb, & Rodgers, 1999; Hultsch, Hertzog, Dixon, & Small, 1998; Rabbitt, 1993; Schaie, 1996) . For example, Hultsch and colleagues found significant increases in variability over 6 years for seven of nine cognitive variables. In effect, individuals were becoming less alike as a function of individual differences in change.
The picture is considerably less clear when one considers variability within persons. Very few studies have examined dispersion of cognitive functioning in adulthood, and the pattern of results is not well established. Lindenberger and Baltes (1997) examined intraindividual standard deviations for a set of 14 cognitive measures in a cross-sectional sample of adults ranging from 70 to 103 years of age. They found that variability among tasks did not differ with age for higher ability adults and actually decreased with age for lower ability adults. In contrast, reported just the opposite. They found increased dispersion of scores across measures of speed, memory, and spatial functioning in their cross-sectional sample of adults (70 to 90 years). They did not, however, observe any increase in dispersion over a longitudinal interval of 3.5 years. Dispersion has also been assessed by examining the stability of crystallized intelligence relative to other cognitive domains (e.g., Rabbitt, 1993) . In this approach, a score indicating the deviation of a particular ability from an indicator of crystallized intelligence (usually a measure of vocabulary) is computed for each person. Increasing deviation scores presumably suggest greater dispersion of abilities. Two such studies have reported finding increases in dispersion with increasing age Rabbitt, 1993) .
In the case of inconsistency, greater intraindividual variability has been observed for older adults compared with younger adults, at least for some tasks. Several studies have shown that inconsistency across trials on RT tasks increases with age (Anstey, 1999; Fozard, Vercruyssen, Reynolds, Hancock, & Quilter, 1994; Salthouse, 1993) , although some researchers have suggested this increase can be accounted for by individual differences in mean-level performance (e.g., Salthouse, 1993; Shammi et al., 1998) . In a particularly interesting approach, Ratcliff (1979) and others have shown that it is possible to fit explicit mathematical functions to empirical response time distributions across a wide range of tasks and conditions. This approach yields several parameter estimates of the response time distribution, including its variability and skew. Although this approach has been used largely with young adult samples, studies contrasting younger and older adults have all found increased inconsistency in response time distributions with increasing age (Spieler, Balota, & Faust, 1996; West & Baylis, 1998; West, Murphy, Armilio, Craik, & Stuss, in press ).
In addition to inconsistency across trials within a session, intraindividual variability may also be observed across multiple testing occasions. For example, Hertzog, Dixon, and Hultsch (1992) examined cross-occasion inconsistency in story recall by testing seven older women for up to 2 years. They found substantial intraindividual variability in performance across occasions, and more than 20% of this variability was reliable variance that was not associated with practice, different stories, or other systematic changes over time. Similarly, Rabbitt, Osman, and Moore (2001) measured both within-session and across-session inconsistency in older adults' RT on a letter identification task. They found that greater intraindividual variability was associated with poorer performance on the Culture Fair Intelligence Test for both trial-to-trial and week-to-week intervals. In terms of age differences, Li and colleagues (2001) examined intraindividual variability for a set of memory and sensorimotor variables across 13 biweekly sessions in a sample of 24 older adults age 64 to 86 years. They found that variability was positively correlated with age for most sensorimotor measures and one of the memory measures.
There are both practical and theoretical implications associated with the possibility of age-related increases in inconsistency. From a clinical perspective, it suggests that one occasion of measurement may not provide an adequate assessment of cognitive competence (Dixon, Hertzog, Friesen, & Hultsch, 1993; Stuss, Pogue, Buckle, & Bondar, 1994) . Intraindividual variability in performance may be particularly significant in the assessment of individuals whose disorders are mild or not easily definable (Gordon & Carson, 1990; Hultsch, MacDonald, Hunter, Levy-Bencheton, & Strauss, 2000; Stuss et al., 1994) . Similarly, Rowe and Kahn (1997) have suggested that intraindividual variability may be a risk factor predictive of successful aging.
From a theoretical perspective, examination of intraindividual variability may provide insight into the operation of cognitive systems. On the one hand, measurement of intraindividual variability and other characteristics of response distributions may provide information reflective of the operation of different cognitive processes (although it is unlikely that specific parameters will be influenced solely by specific processes). For example, Spieler, Balota, and Faust (2000) demonstrated that spatial and attribute selection processes influenced separate parameters of the RT distribution. Similarly, Hockley (1984) experimentally separated distribution parameters for four different cognitive tasks. On the other hand, a number of theorists have suggested that inconsistency in performance may be an indicator of neurological disturbance (e.g., Hendrickson, 1982; Jensen, 1982; Li & Lindenberger, 1999) . For example, Li and Lindenberger used computational simulations to demonstrate that increasing random variability of the networks led to decreases in the level of performance and simultaneously to increases in the magnitude of between-network variability and strength of cross-task intercorrelations. These results are consistent with the view that both decreases in level of performance and increases in interindividual variability with age might be produced by greater intraindividual variability in neurobiological mechanisms (Myerson, Hale, Wagstaff, Poon, & Smith, 1990; Welford, 1980) .
The purpose of the present study was to examine age differences in all three types of variability identified previously-diversity, dispersion, and inconsistency-with particular attention to inconsistency (intraindividual variability). Data from two relatively simple and two relatively complex RT tasks were available for a sample of younger adults and a large sample of older adults spanning a 40-year age range. To our knowledge, there are no studies that have examined age differences in all three of the defined types of variability simultaneously.
We focused on three principal questions. First, we examined whether there were age differences in variability that were independent of age group differences in processing speed. Some investigators have suggested that between-and within-person differences in variability may simply be a function of age-related differences in slowing (Hale, Myerson, Smith, & Poon, 1988; Salthouse, 1993) . It is also critical to dissociate systematic within-person changes (e.g.,
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practice effects) from changes that reflect inconsistency in performance. Previous studies have not always addressed these issues. We hypothesized that all three types of variability would be greater for older than for younger adults, even when group differences in speed and systematic changes in performance were controlled for.
Second, we examined the relationships among various indicators of within-person variability. If intraindividual variability in RT is a function of relatively endogenous influences associated with deterioration of neurobiological mechanisms, then we would expect to observe relatively stable individual differences in such variability. That is, we would expect inconsistency on one RT task to correlate positively with inconsistency on other RT tasks. We were also interested in examining whether within-person variability across trials (inconsistency) was associated with within-person variability across tasks (dispersion).
Finally, we examined whether measures of intraindividual variability in RT are predictive of level of performance on other cognitive tasks. For example, if individual differences in inconsistency are indicative of central nervous system integrity, then we would expect to observe negative relationships between inconsistency in RT and level of performance on other cognitive tasks. We might also expect that such correlations would be higher for tasks that are more reflective of basic information-processing capacity than for tasks that are more influenced by acquired knowledge or skill. A critical question, however, is whether information about the inconsistency of an individual's responses tells us anything that is unique. Thus, we also examined whether individual differences in variability and level of RT performance are independent predictors of performance on other cognitive tasks.
Method
This article is based on cross-sectional data from the Victoria Longitudinal Study (VLS). The design of the VLS consists of longitudinal sequences in which multiple crosssectional samples of community-dwelling older adults (initially age 54-87 years) are retested at intervals of 3 years with new samples added at intervals of 6 years. Young adult (17-36 years) comparison samples are also tested every 6 years (at longitudinal Wave 1), but are not followed longitudinally. The general design, participants, measures, and procedures of the VLS have been described extensively elsewhere (see Dixon et al., in press; Hultsch et al., 1998) , and therefore only unique and pertinent components of the method are summarized here.
P ARTICIPANTS
Data Self-reported health was evaluated in several ways, including a single-item rating of health relative to others and a questionnaire assessing the presence of 26 specific health conditions. More than 90% of participants rated their health as very good or good ( M ϭ 0.63, SD ϭ 0.71, on a 5-point scale ranging from 0 ϭ very good to 4 ϭ poor), and there were no significant differences among the groups. As expected, there were age, F (3, 850) ϭ 17. 
MEASURES AND PROCEDURE
The VLS measurement battery consists of multiple questionnaires, tests, and tasks focused on both cognitive and noncognitive variables. The test battery was administered during four testing sessions scheduled over a period of about 4-6 weeks. Tasks were administered in the same order to all participants. Data were collected from both samples within the same time frame (1992) (1993) .
RT Tasks
The principal measures of interest were four multitrial computer-based RT tasks. Two of the measures assessed speed of responding to relatively simple nonverbal signals, whereas two of the measures involved speed of responding to more complex language-based stimuli. For all tasks, stimuli were presented on a computer monitor interfaced with a 386 IBM-compatible computer that controlled stimulus presentation and timing. Participants responded to stimuli by pressing keys on a custom-designed response con- Simple reaction time (SRT).-In the SRT task, participants were presented with a warning stimulus (***) followed by a signal stimulus (ϩ) in the middle of the screen. Participants were instructed to press a key with their preferred hand as quickly as possible when the signal stimulus appeared. A total of 50 test trials were administered with 10 randomly arranged trials presented at each of five intervals separating the warning and signal stimuli (500, 625, 750, 875, and 1,000 ms). The measures used were the latencies of the 50 test trials.
Choice reaction time (CRT).-For CRT, a 3 ϫ 3 grid matching the arrangement of keys on the response console was displayed on the screen. This array was used to instrument two-, four-, and eight-choice RT trials. The center square, corresponding to the center key in the response keypad, served as the home key for the participant's right forefinger. Each block of 10 trials required the participant to attend to two, four, or eight squares. A warning stimulus was presented, followed (after a delay of 1,000 ms) by the appropriate two-, four-, or eight-square matrix. One square contained an O and all the others contained Xs. The participant's task was to press the key corresponding to the location of the O. Twenty trials were administered at each level of choice. The measures used were the latencies of all trials averaged across conditions. Lexical decision.-In the lexical decision task, participants were presented with a string of five to seven letters on the computer screen and were asked to indicate as quickly as possible whether they formed an English word (e.g., island vs nabion). A total of 60 test trials were presented (30 words and 30 nonwords). The measures used consisted of the latencies of the 60 trials.
Semantic decision.-In the semantic decision task, participants were asked to judge as rapidly as possible the plausibility of sentences presented on the computer screen (e.g., The tree fell to the ground with a loud crash vs The pig gave birth to a litter of kittens this morning). A total of 50 sentences were presented, and latencies of the trials were used as the measures.
Other Measures
In addition to the four latency-based tasks, indicators of perceptual speed, working memory, episodic memory, and crystallized abilities were examined as correlates of withinperson variability. These domains range along a rough continuum from measures of basic processing resources to indicators of acquired knowledge. Inclusion of measures of each domain were based on previous confirmatory factor analyses (Hultsch et al., 1998) . For each domain, a linear composite was created by standardizing and averaging the individual scores.
Perceptual speed.-This variable was defined by three paper-and-pencil measures. Two tasks from the Kit of Factor-Referenced Cognitive Tests (Ekstrom et al., 1976) required participants to make simple perceptual comparisons as rapidly as possible within a limited time period. In Identical Pictures, participants chose which one of five line drawings matched a target figure. In Number Comparison, participants indicated whether two strings of digits were identical or not. The third measure was the revised Wechsler Adult Intelligence Scale Digit Symbol Substitution task. Participants were given 90 s to transcribe as many symbols as possible into empty boxes on the basis of the digit-symbol associations specified in a coding key. For all three tasks, the measures consisted of the number of correctly completed items.
Working memory.-This domain was indexed by two widely used working memory tasks developed by Salthouse and Babcock (1991) . Both tasks require storage of information and simultaneous processing of that information. In Computation Span, participants solved arithmetic problems while holding one number from each problem in memory for later recall. In Listening Span, participants listened to orally presented sentences and wrote answers to simple questions about each sentence while retaining the last word of each sentence for later recall. In each task, the number of items (problems, sentences) increased from one to seven, with three trials at each series length. For each task, the score used was the highest span (one to seven) correctly recalled on two out of three trials.
Episodic memory.-Both word and story recall tasks were used. Word recall consisted of immediate free recall of two lists of 30 English words selected from the total set of six lists (Hultsch, Hertzog, & Dixon, 1990) . Each list consisted of 6 words from each of five taxonomic categories (e.g., birds, flowers) typed on a single page in unblocked order. Participants were given 2 min to study each list and 5 min to write their recall. The number of correctly recalled words from each of the two lists were used as the measures. Story recall was measured by immediate gist recall of two narrative stories about an event in the life (or lives) of an older adult (or couple). The total set of six stories was selected from a larger set of 25 structurally equivalent texts developed by Dixon, Hultsch, and Hertzog (1989) . Each story was approximately 300 words and 160 propositions long. The stories were presented in typed booklets for study followed by written recall. Participants were given 4 min to read each story and 10 min to write their recall. Recall protocols were scored for gist recall using criteria described in Dixon and associates (1989) . Reliability estimates of the scoring system across all possible pairs of scorers exceeded 90%. The total number of gist propositions recalled from each of the two stories were used as the measures.
Crystallized abilities.-Measures of world knowledge and vocabulary were used to index crystallized abilities. World knowledge was measured by two sets of 40 questions that tested individuals' recall of facts about multiple domains including science, history, literature, sports, geography, and entertainment (Nelson & Narens, 1980) . The questions were presented in booklets, and participants wrote their answers under self-paced timing conditions. The vocabulary measure consisted of performance on a 54-item multiple-choice (recognition) vocabulary test composed by concatenating three 18-item tests from Ekstrom and colleagues (1976) . The number of correct responses on each task was used as the measure.
DATA PREPARATION
We first examined the distributions of raw latency scores for outliers. Extremely fast or slow responses might reflect various types of errors (accidental key press, interruption of the task). To address these potential concerns, outlier scores were trimmed as follows. A lower bound for legitimate responses was set for each task on the basis of minimal response times suggested by prior research, and scores below this limit were dropped. The limits were SRT, 150 ms; CRT, 150 ms; lexical, 400 ms; and semantic, 1,000 ms. The upper bound was established by computing the mean and standard deviation separately for each of the age groups and dropping any trials exceeding the mean by three or more standard deviations. The number of trials dropped across the entire Persons ϫ Trials data matrix was relatively small given the number of data points involved (SRT ϭ 2.2%; CRT ϭ 2.1%; lexical ϭ 3.6%; semantic ϭ 7.0%). Percentage of missing trials did not vary systematically across age groups. To avoid statistical problems associated with missing data, we then imputed values for the outlier trials by using a regression procedure in which missing value estimates were based on the relationships among responses across trials. Missing values were imputed using data from all individuals and trials available. Because dropping outlier scores and imputing the resulting missing values reduces variability, these data preparation strategies represent a conservative approach to examining the phenomenon.
Results
The results are presented in five main parts. In the first three sections, we examine age differences in diversity, dispersion, and inconsistency in latency performance on the four main RT tasks. In the fourth section, we report correlations to examine relationships among the various measures of within-person variability. Finally, we examine the relationships of level of RT performance and intraindividual variability in RT performance to performance on measures of perceptual speed, working memory, episodic memory, and crystalized abilities. In particular, we used set correlation approaches to determine whether level and variability in RT performance are independent predictors of performance on other cognitive tasks.
VARIABILITY BETWEEN PERSONS
We began by examining the question of whether there is increasing diversity in RT latency performance with increasing age. Table 1 shows the standard deviations for the four tasks as a function of age. The last column of the table reports Levene's test for homogeneity of variance, indicating there were significant group differences in variability for all four measures. However, there were also age differences in average latency as indicated by the means in Table   1 (there were significant age differences in mean latency on all tasks, but because our focus is on variability, we do not report the results of the analyses on level of performance). Thus, group differences in variability may be an artifact of group differences in mean performance because larger standard deviations tend to be associated with larger means (Hale et al., 1988) .
We addressed this issue using a regression approach previously implemented by Christensen and colleagues (1994) . Specifically, we regressed each of the four RT tasks on age, yielding residual scores. Residuals were calculated with only the significant polynomial trends included in the analysis (both the linear and quadratic age trends were significant in all cases). Figure 1 shows the absolute value of the residual scores as a function of age for the four tasks. To examine diversity across age, the residual scores for each task were then regressed on the linear and quadratic age trends. Table 2 reports the results of these analyses. There was a significant linear trend for all tasks, indicating that performance was increasingly diverse with increasing age. Similarly, there was a significant quadratic trend for all tasks except SRT. For the CRT, lexical, and semantic tasks, the positive slopes indicate this trend is a function of an increasing rate of diversity in the oldest participants. In general, the magnitude of these significant trends was modest-typically less than 2% of the variance.
The previous analysis was not based on a continuous age range, and therefore it is possible that the significant age trends are largely a function of differences in diversity between the younger and older groups. To examine this issue, we repeated the analysis using only the older participants in the continuous age range of 54 to 94 years. Increasing diversity in performance with increasing age was again observed, but with one notable difference. Although the linear trends were again significant for all tasks, the quadratic trend was significant only for the lexical task. This suggests that the previously significant quadratic effects were largely a function of the contrast between the younger and older participants.
We previously noted that there were small but significant differences among the age groups in education. Although 
VARIABILITY WITHIN PERSONS
There are multiple indices that may be computed to examine intraindividual variability (Slifkin & Newell, 1998) . Perhaps the simplest of these is the intraindividual standard deviation (ISD). An ISD can be computed across tasks to examine dispersion or across time (trials or occasions) to examine inconsistency. However, simply computing ISDs on raw scores is problematic. For most cognitive measures, one typically observes significant group differences in average level of performance. In addition, systematic changes over time (trials, occasions) associated with practice, different materials, and so forth may be present. These group and systematic time-related effects represent potential confounds for the analysis of intraindividual variability. For example, evidence of greater interindividual variability in older adults as indicated by an ISD computed on raw scores may simply reflect the fact that older adults are on average slower than younger adults. To address these issues, we partialed out the effects associated with age group, gender, trial, and all their interactions from the data before computing ISDs. This procedure produced residual scores that were uncontaminated by group differences in speed or accuracy of performance and systematic variation due to influences such as practice. These purified scores were then converted to T scores to permit comparison of the tasks in the same metric. Figure 2 shows an example of the residual T scores by trials for one task (SRT latency) for each individual participant graphed separately by age group. This figure shows that even though all systematic effects have been partialed out from the data (all groups have a mean of 50 and a standard deviation of 10), substantial individual differences in intraindividual variability remain (and appear to vary across group).
Dispersion
To examine intraindividual variability across tasks, we computed ISDs for each individual over the purified residual T scores of the four RT tasks. Lower values on this dis- 
Inconsistency
To examine intraindividual variability over time, we computed ISDs for each individual over the purified residual trial scores separately for each of the four RT tasks. Higher scores on this measure indicate relatively inconsistent performance across trials, whereas lower scores indicate relatively consistent performance. We also computed the coefficient of variation in which each individual's ISD on any given task is divided by his or her average score on that task. This yields a measure of inconsistency relative to the individual's overall level of performance. Finally, we performed analyses to examine the characteristics of the ISD distributions.
Mean ISDs.-A 4 (age) ϫ 2 (gender) multivariate analysis of variance computed on the ISD scores for the four tasks revealed significant omnibus effects associated with age, Wilks's ϭ .642, F(12, 2252) ϭ 34.27, p Ͻ .001, 2 ϭ .14, and gender, Wilks's ϭ .978, F(4, 851) ϭ 4.69, p Ͻ .001, 2 ϭ .02. The interaction was not significant. Figure 3 shows the mean ISDs on the four tasks by age group. Univariate ANOVAs indicated there were significant age group differences on all of the tasks: SRT: F(3, 854) ϭ 70.27, p Ͻ .001, 2 ϭ .20; CRT: F(3, 854) ϭ 57.36, p Ͻ .001, 2 ϭ .17; lexical: F(3, 854) ϭ 34.40, p Ͻ .001, 2 ϭ .11; and semantic: F(3, 854) ϭ 43.20, p Ͻ .001, 2 ϭ .13. We used Tukey's HSD to specify the age group differences for each task. For SRT, intraindividual variability increased significantly across each age group. That is, the OO group was more inconsistent than the MO group, the MO was more inconsistent than the YO group, and the YO group was more inconsistent than the Y group. The magnitude of these effects estimated by Cohen' the lexical task, the OO group showed significantly more intraindividual variability than all other groups. The MO group was more variable than the YO and Y groups. However, the Y and YO groups did not differ significantly. Cohen's d ranged from small to large: OO/MO ϭ 0.55, OO/ YO ϭ 0.89, OO/Y ϭ 0.95, MO/YO ϭ 0.31, and MO/Y ϭ 0.38. Finally, in the case of the semantic task, the OO group was again more inconsistent than all other age groups. The MO group exhibited more intraindividual variability in performance than the YO group, but it did not differ significantly from the Y group. Interestingly, the Y group was significantly more inconsistent than the YO group. For the semantic task, the magnitude of the differences ranged from small to large: OO/MO ϭ 0.75, OO/YO ϭ 1.10, OO/Y ϭ 0.65, MO/YO ϭ 0.34, and YO/Y ϭ 0.39. The significant gender effect was the result of a difference on the SRT task alone, F(1, 854) ϭ 12.37, p Ͻ .001, 2 ϭ .01. Women (M ϭ 7.96) showed slightly more intraindividual variability on this task than men (M ϭ 7.19). The magnitude of this effect (d) was small (0.27).
We performed the same analyses using the coefficient of variation, which provides a measure of intraindividual variation relative to the individual's own mean score. The substantive results were identical to those found with the ISD measure. Finally, we repeated all of the analyses covarying education and observed the same pattern of significant results.
Percentile analysis.-An alternative means of examining inconsistency (Salthouse, 1993) focuses on the question of whether RT slopes, plotted as a function of age, are symmetric across the entire distribution of RT latencies (e.g., 10th, 25th, 50th, 75th, and 90th percentiles). Salthouse argued that two key patterns should be observed if slow RTs are influenced by the same processes that affect fast RTs: (a) age-related slopes for different percentiles of the distribution should be symmetric and (b) age should share considerable variance with both low and high percentiles of the distribution. To examine intraindividual variability as a function of RT distributions, we computed ISDs (using purified residual scores) separately for the 20th and 80th percentiles for each of the four RT tasks. Specifically, each individual's distribution of RT scores was sorted in ascending order, 20th and 80th percentile cutoffs were determined, and two ISD estimates were calculated for each individual for each task (one estimate reflecting variability for fast trials below the 21st percentile and one estimate for slow trials above the 79th percentile). Higher ISD scores reflect more inconsistent individual performances within each percentile range.
A 4 (age) ϫ 2 (gender) ϫ 2 (percentile) repeated measures ANOVA was computed using the 20th and 80th-percentile ISD scores for each of the four tasks. Figure 4 shows mean ISDs as a function of age group for the 20th-and 80th-percentile trials. Age differences in inconsistency were substantially more pronounced for the slowest compared with the fastest segments of the RT distribution. A univariate gender effect for the SRT task alone was qualified by a significant Gender ϫ Percentile interaction, F(1, 854) ϭ 4.75, p Ͻ .05, 2 ϭ .01. For 20th percentile RTs, variability estimates for women (M ϭ 1.49) and men (M ϭ 1.44) were equivalent. For 80th-percentile RTs, women (M ϭ 7.37) showed slightly more inconsistency on this task than men (M ϭ 6.52). No other significant effects associated with gender were found.
Finally, following Salthouse (1993) , we used a regression approach to examine whether age shared considerable variance with variability estimates for both low and high percentiles of the distribution. For each task, hierarchical regressions were computed using age and 20th percentile ISDs as predictors of 80th-percentile ISDs. Age was a significant predictor (p Ͻ .01) of 80th-percentile ISDs for all tasks (SRT: R 2 ϭ .049; CRT: R 2 ϭ .063; lexical: R 2 ϭ .054; and semantic: R 2 ϭ .021). However, partialing out variability in 20th-percentile RTs had little effect on the relation of age to variability in 80th-percentile RTs. Less than 2% of the age-related variance was attenuated for CRT and lexical tasks. Variability in 20th-percentile RTs actually served a suppressor function for both the SRT and semantic tasks. The association between age and 80th-percentile ISDs increased marginally after partialing out variability in 20th-percentile ISDs. Quantile-quantile plots.-The previous analysis suggests that age differences in inconsistency are greater for slower RTs and imply that the RT distributions are more positively skewed with increasing age. Standard quantilequantile plots (Q-Q plots), a graphical technique for determining if two data sets come from a common distribution, represent one means of examining multiple parameter estimates of RT distributions from two separate groups (Ratcliff, Spieler, & McKoon, 2000) . Recent findings have suggested that Q-Q plots represent a rich source of evidence about age differences in variability (Maylor & Rabbitt, 1994; Ratcliff et al., 2000) . Specifically, Ratcliff and colleagues demonstrated that the slope of the Q-Q plot represents a ratio of the standard deviation for one group relative to the standard deviation of the other. A linear plot indicates the underlying distributions are from the same family (e.g., normal), with deviations from linearity pinpointing the area of the distributions where the two groups differ most. Q-Q plots are most commonly constructed using raw RTs. In the present analysis, we used Q-Q plots to compare distributions of ISD scores. We did this because ISDs, as we have calculated them, are statistically independent of group mean-level performance. This analysis, then, allows us to examine the robustness and distribution characteristics of intraindividual variability after controlling for mean/standard deviation confounds. Figure 5 shows plots of ISD scores for the OO group as a function of ISD scores for the Y group (see Appendix, Note 3). For both SRT and CRT, the slopes indicate that (a) the distributions of ISD scores (inconsistency) for the older adults were wider than those of the younger adults (slope greater than 1.0) and (b) the distributions of the OO group were more positively skewed, albeit subtly, for CRT (see histograms on the vertical axes). The plot for the lexical task shows that the OO group were 1.4 times more inconsistent than the Y group, with the straight line indicating that both groups had similar ISD distributions. The plot for the semantic task suggests that the OO group was only slightly more inconsistent than the Y group. Moreover, the departure of the upper quantiles of the Q-Q plot from a linear function suggests that the distribution of the Y group was actually more positively skewed than that of the OO group (see histogram on the horizontal axis). Table 3 shows the intercorrelations among the various measures of within-person variability-the single indicator of intraindividual variability across tasks (dispersion) and the indicators of intraindividual variability across trials for each of the four tasks (inconsistency). The correlations are low in magnitude, although they are statistically significant given the large sample size. Interestingly, however, all of the relationships are positive. This indicates that (a) individuals who were more variable across tasks (had a more dispersed profile) were also more variable across time (showed inconsistent performance across trials) and (b) individuals who were more variable across trials on one RT task were also more variable across trials on the other RT tasks. We also examined these relationships separately by age group. Although the number of significant values varied because of group differences in sample size, examination of Fisher's z indicated few significant differences in correlations across the age groups.
INTERCORRELATIONS
RELATIONSHIPS TO COGNITIVE PERFORMANCE
We began our examination of whether individual differences in inconsistency of RT latency were predictive of mean performance (accuracy) on other cognitive tasks by computing zero-order correlations among the two sets of measures. As seen in Table 4 , greater inconsistency in RT performance was associated with poorer performance on the cognitive composites. The table shows that these relationships were somewhat more widespread in the oldest compared with the youngest group. For example, significant correlations for the youngest group were observed largely between intraindividual variability in the two verbal RT Figure 4 . Mean latency intraindividual standard deviation (ISD) scores for faster (20th percentile) and slower (80th percentile) responses by age group for four reaction time tasks. SRT ϭ simple reaction time; CRT ϭ choice reaction time.
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http://psychsocgerontology.oxfordjournals.org/ Downloaded from tasks and perceptual speed and episodic memory. In contrast, with increasing age the number of significant relationships tended to increase. In the oldest group, significant correlations were observed between all measures of intraindividual variability and cognitive performance, with one exception. However, a similar pattern of zero-order correlations was observed between overall speed of performance (mean latency) on the four RT tasks and performance on the same cognitive composites. Therefore, it is important to examine unique and shared contributions of ISD estimates and mean estimates as predictors of cognitive performance. To the extent that intraindividual variability represents an influential and independent marker of cognitive function, ISD estimates should account for a significant proportion of variance in cognitive performance over and above mean-level influences.
We used partial set correlation (Cohen, 1982) to examine the unique and shared influences of unpurified intraindividual mean (IM) and purified ISD estimates as predictors of cognition. Partial set correlation permits examination of associations among criterion and predictor constructs that are identified by multiple measures. Variance for each of the four cognitive composites was partitioned into that uniquely associated with IMs and ISDs as well as variance shared between them. For each analysis, the dependent variables consisted of mean performance on the cognitive tasks making up the specific cognitive composite (e.g., episodic memory: word recall, story recall). The independent variables con- Figure 5 . Quantile-quantile plots for intraindividual variability scores for the Old-Old group as a function of the intraindividual variability scores for the Young group. ISD ϭ intraindividual standard deviation; SRT ϭ simple reaction time; CRT ϭ choice reaction time. sisted of IMs and ISDs of two classes of RT tasks: nonverbal RT (SRT and CRT) and verbal RT (lexical and semantic) to examine whether patterns of prediction varied as a function of type of RT measure. Three set correlations were computed: regression of cognitive measures onto IM and ISD without partialing any variables, regression of cognitive measures onto ISD partialing out IM performance, and regression of cognitive measures onto IM performance partialing out ISD. Table 5 shows the amount of total variance (i.e., variance in cognitive performance predicted by both IMs and ISDs) that is uniquely accounted for by nonverbal and verbal IMs and ISDs, as well as the variance shared between these predictors. Performance for each cognitive domain was significantly predicted by both IMs and ISDs (total) for nonverbal and verbal RT. Not surprisingly, mean and variability estimates shared a considerable amount of overlapping variance (shared) as predictors of total R 2 . However, as expected, both mean and variability estimates also demonstrated unique predictive contributions. For both categories of RT measures, mean-level performance (unique IM) significantly predicted performance in cognition independent of ISDs. Mean-level performance uniquely accounted for between 34% and 60% of total R 2 for nonverbal RT and 32% to 63% of total R 2 for verbal RT. Of particular interest, intraindividual variability estimates (unique ISD) for nonverbal RT significantly predicted variance in cognitive performance over and above mean-level influences for each of the cognitive domains examined. ISDs for nonverbal RT uniquely accounted for between 11% (working memory) to 20% (crystallized ability) of total R 2 . In contrast, ISDs in verbal RT did not account for any unique variance in cognitive performance over and above mean-level influences. These results indicate that patterns of prediction differ as a function of type of RT measure and not as a function of cognitive domain assessed.
Discussion
This article represents the first effort to examine age differences in all three basic types of variability within the same data set. We measured variability between persons (diversity) and two types of variability within persons (dispersion of performance across tasks and inconsistency of performance across trials) on four RT tasks. As hypothesized, we found that all three types of variability were greater in older as compared with younger adults. Importantly, we observed these significant age differences in variability even after statistical control of group differences in speed of performance. Thus, the differences cannot be attributed to an artifact of the relationship between the mean and the standard deviation.
Consistent with previous reports (e.g., Christensen et al., 1994; Morse, 1993) , we found our older participants showed greater diversity in RT performance than younger adults. When the youngest age group was included in the analysis, the results showed evidence for a significant quadratic as well as a linear trend, suggesting an increasing degree of diversity in the oldest participants. However, analyses conducted with the three older adult age groups showed only significant linear effects for the four tasks. This suggests the quadratic effect was largely a function of the extreme-groups comparison. Nevertheless, we observed increasing diversity in performance from the mid-50s through the late 80s. Two other points are worth noting with respect to age differences in diversity. First, although interindividual differences increased across the age groups, the magnitude of the differences was relatively small. In most cases, the linear age effect accounted for around 2% of the variance. Second, the tasks used in the present study were Other studies have shown that age-related differences in diversity are less likely to be observed with measures that focus on the assessment of acquired knowledge (e.g., Christensen et al., 1994) . We also observed evidence for increasing dispersion of scores with increasing age. That is, on average, older adults had more uneven intraindividual profiles of performance across the four RT tasks than younger adults. Significant differences were observed between the Y group and the two oldest groups and also between the YO group and the two older groups. Interestingly, these age differences in dispersion were found despite the relative similarity of the four tasks. However, the magnitude of the differences as indicated by Cohen's d was relatively modest, ranging from small to medium according to his convention. Our results are in agreement with , who also observed increasing dispersion of scores across measures of speed, memory, and spatial functioning. In contrast, Lindenberger and Baltes (1997) reported no age differences in dispersion across 14 measures of intelligence for higher ability adults and actually observed decreases in dispersion for lower ability adults. In part, these discrepancies may be a result of the older age of the sample used by . Increases in dispersion may be seen in younger and relatively healthy older adults followed by decreases in dispersion very late in life as more individuals experience significant cognitive decline in all domains associated with the end of life.
We found evidence for substantial age differences in inconsistency of RT performance across trials. In general, older adults showed greater intraindividual variability in RT latency across trials than younger adults on all four tasks. Age differences were particularly pronounced for individuals age 75 and above. Participants in this group showed greater inconsistency than all other age groups on all tasks. The effect sizes associated with the age group differences in intraindividual variability were sizable, ranging from medium to large in most cases. This pattern of results is consistent with a number of other recent analyses (Rabbitt, 2000; Spieler et al., 1996; West & Baylis, 1998; West et al., in press) .
Our results also suggest that age differences in inconsistency vary across the RT distribution. Age differences in intraindividual variability were larger for slower (80th-percentile) than faster (20th-percentile) responses, although age differences were significant in both cases. Moreover, in contrast to Salthouse (1993) , we found that partialing out age-related influences from the fastest responses had little effect on the relation of age to variability for the slowest responses. This result is consistent with the argument that older adults may experience temporary lapses of attention (Bunce, Warr, & Cochrane, 1993) or executive control (West et al., in press ) that contribute to greater inconsistency of performance. Our analysis of age group differences for the fastest and slowest responses implied, but did not demonstrate, that the response distributions of intraindividual variability were more positively skewed with increasing age. The Q-Q plots demonstrated age group differences in intraindividual variability as well as the shape of distributions for some tasks. The differences in slope confirmed the findings of our earlier analysis of purified residuals; all tasks showed slopes greater than 1.0 indicating the older group was more inconsistent than the younger group. Importantly, the plots of mean-independent ISDs showed age group and task differences in the tails of the distributions. In the case of SRT and to a lesser extent CRT, the distributions for the older adults were positively skewed, whereas the distributions for the younger adults were relatively normal. In contrast, there was little evidence for group differences in the distribution for the lexical task, and in the case of the semantic task, it was the distribution of the younger group that showed greater positive skew.
Ordinarily, one might expect to observe larger age differences on more complex tasks compared with more simple tasks (e.g., Salthouse, 1991; West et al., in press) . One plausible interpretation of the differences we observed between the nonverbal and verbal RT tasks is related to the greater verbal facility of older adults compared with younger adults (e.g., Wingfield & Stine-Morrow, 2000) . In the case of the verbal tasks, the older adults' verbal ability may have provided them with access to compensatory mechanisms that reduced their relative inconsistency to some degree. Consistent with this view, Hale and Myerson (1996) have explicitly shown age-related slowing to be much larger in the nonlexical domain than in the lexical domain. Nevertheless, compensatory mechanisms may be more easily invoked for multicomponent tasks that rely on knowledge than for more primitive tasks that rely on speed (Dixon & Bäckman, 1999) . In domains where compensatory mechanisms are less easily activated, age differences in inconsistency may increase with task difficulty. For example, West and colleagues (in press) found exactly this pattern for RT tasks that varied in their executive demand.
The present data cannot be used to identify the specific mechanisms that may underlie increased variability with increasing age. Li and Lindenberger (1999) have suggested that both age-related decreases in level of performance and increases in interindividual differences in performance may be driven by increasing intraindividual variability in neurobiological mechanisms in the brain. This view suggests that measures of intraindividual variability may be a plausible behavioral indicator of aging-induced deterioration of general neurobiological mechanisms that compromise the integrity of the brain across a wide range of areas and functional circuitry. In particular, it has been suggested that older brains may need to recruit additional resources to manage executive functions of otherwise relatively simple tasks (Dixon & Bäckman, 1999) . Thus, even localized neural deficits may be expressed as a generalized impairment (Raz, 2000) . Such changes have been hypothesized as the common cause for aging-associated losses in cognitive capacity and plasticity Lindenberger & Baltes, 1994) .
In our data, the potential involvement of neurological mechanisms in producing age differences in intraindividual variability is suggested by the relative consistency of individual differences in measures of within-person variability across tasks. The correlational analyses indicated consistent patterns of correlations among (a) the measure of dispersion and measures of inconsistency and (b) among measures of inconsistency across tasks. That is, there was a consistent positive manifold to intercorrelations of the various indicators of within-person variability. Individuals who showed greater dispersion across the four tasks also tended to show greater inconsistency across trials on all four RT tasks. Similarly, individuals who showed greater inconsistency across trials on one task tended to show greater inconsistency on the other tasks as well. Other recent studies have shown positive correlations between intraindividual variability measured across trials and across occasions (Hultsch et al., 2000; Rabbitt et al., 2001) . The magnitude of within-person variability, then, appears to be somewhat characteristic of the individual-both across tasks and over time. This is what one would expect to find if such variability were substantially influenced by relatively stable endogenous mechanisms such as neurological dysfunction rather than relatively labile exogenous influences such as pain, fatigue, and stress.
Regardless of the specific mechanisms involved, the present data indicate that intraindividual variability in RT performance is negatively correlated with level of performance on a wide range of more complex cognitive tasks. In general, these relationships tend to be more widespread with increasing age. The partial set correlation analysis also indicated that intraindividual variability in nonverbal RT latency (i.e., variability for SRT and CRT tasks) was a unique predictor of cognitive performance. These nonverbal RT measures of intraindividual variability uniquely accounted for between 11% and 20% of the variance in cognitive performance independent of mean-level influences. The unique contribution of intraindividual variability as a predictor of performance across a continuum of cognitive tasks is what one would expect if inconsistency is influenced by relatively stable endogenous mechanisms. Interestingly, intraindividual variability in verbal RT performance did not uniquely account for variance in cognitive performance (range from 2% to 6%) over and above verbal RT means. This finding is also consistent with the verbal facility hypothesis suggesting that, for verbal RT tasks, older adults exhibit less inconsistency relative to their performance on nonverbal RT tasks as their verbal facility serves a compensatory function.
In summary, the present results indicate that older adults are more variable than younger adults on all three types of variability measured. In particular, the results point to intraindividual variability or inconsistency in response speed as a potentially important predictor of cognitive performance independent of overall age differences in speed. Other recent studies have been in agreement with this general view (e.g., Hultsch et al., 2000; Rabbitt et al., 2001; West et al., in press ). How should this consistent pattern of age differences be interpreted? Nesselroade (1991) noted that intraindividual variability contributes to an individual's performance at any one point in time, thus confounding measures of inconsistency and diversity. However, Nesselroade and Li and Lindenberger (1999) have also suggested that characteristics of variability (e.g., inconsistency) at the level of individuals can be a source of both stable interindividual differences and intraindividual change in performance. Thus, from this perspective, the linkage between within-and between-person variability may be seen as substantively important rather than as a methodological confound. In effect, intraindividual variability may influence both diversity and dispersion as well as long-term developmental change.
The available results are largely descriptive and need to be expanded. Further analysis of age and task differences in the shape of response time distributions can provide important insights into the operation of cognitive processes (Ratcliff et al., 2000) . Our finding that there appeared to be differences in the shapes of the ISD distributions suggests that future research should consider distribution parameters for this indicator across tasks. We also suggest that a particularly important question is whether intraindividual variability in performance is predictive of cognitive change over time rather than simply level of performance as already suggested by extant data. Examining this issue with longitudinal as well as cross-sectional data is particularly important because recent research has shown important dissociations between cross-sectional results both at the level of means and relationships among variables (Hultsch et al., 1998) . If intraindividual variability is an independent predictor of actual changes in cognitive functioning, it will strengthen the argument that inconsistency represents a potentially useful indicator of cognitive aging from both a theoretical and a practical perspective.
